Large-scale development of nuclear power to China's current nuclear fuel cycle system pose challenges, the most prominent problem is the demand for uranium resources and nuclear waste disposal. According to China's current situation and long-term prospects for nuclear power, the preliminary development scenarios of the nuclear power in China by 2050 are predicted. The demand of natural uranium, the accumulated amount of spent fuel, plutonium and minor actinides are calculated according to three different growth scenarios assumed up to 2050. The amount of accumulated natural uranium demand will be 1044.9 kt, 1207.0 kt and 1356.3 kt by 2050. The amount of accumulated spent fuel (HM), Pu and minor actinides (MA) will be above 95495 t, 1107 t and 67 t, respectively. The research of advanced nuclear fuel cycle mode and the building of spent fuel reprocessing plant are effective for reducing the amount of accumulated spent fuel.
Introduction
In 2007, China's State Council approved its "Medium and Long-Term Nuclear Power Development Plan", which set a goal of increasing the nation's nuclear power capacity from about 7 GWe to 40 GWe by 2020. But current trends point toward more than 70 GWe by 2020. Large-scale development of nuclear power to China's current nuclear fuel cycle system pose challenges, the most prominent problem is the demand for uranium resources and nuclear waste disposal. The development of commercial nuclear fuel reprocessing system is very important for the sustainable development of China's nuclear power, especially for solving the supply of uranium resources and nuclear waste disposal issues.
According to China's current situation and long-term prospects for nuclear power, the preliminary development scenarios of the nuclear power in China by 2050 are predicted. The demand of natural uranium, the accumulated amount of spent fuel, plutonium and minor actinides are calculated according to these scenarios.
Prediction of China's Nuclear Power Development before 2050
China's first nuclear power plant, Qinshan Phase I went online in 1991, after ten years of development since then, There are 15 reactors operation with a capacity of 10.85 GWe (see Table 1 ) in China. According to the National Energy Administration (NEA), China currently has 25 reactors with a total capacity of 29 GWe under construction, and is the world's largest nuclear power in construction of the country. Development of nuclear power is indispensable for China to achieve its two primary targets in energy and environment, it also pledged to reduce its carbon intensity by 40 to 45 percent by 2020 from the 2005 level. The deputy director general of the International Energy Agency (IEA) has noted that China's capacity may eventually reach 70 GWe by 2020 and 400 GWe by 2050 [1] . From now to 2050, the development of nuclear power will be subject to economic, political and other factors, so there are still some uncertainties. But pressurized water reactor is still the main nuclear power reactor types, assuming that in 2050 China's installed capacity of pressurized water reactor will be about 400 GWe. The development scenarios of pressurized water reactor nuclear power installed capacity are proposed in Table 2 .
Calculation Procedures

Natural uranium resources demand
The natural uranium resources demand is associated with the mass of fuel loaded per year in per nuclear power reaction, which can be calculated by equation (1) 
Where: M is mass of fuel loaded per year (t/year), Q is annual thermal energy output (GWd/year); B d is discharge burnup (GWd/t); P e is installed electric capacity (GWe); CF is capacity factor, th is thermal efficiency. In this paper, the installed capacity is assumed in Table 2 ; the thermal efficiency is 33 percent. the capacity factor is 85% by 2002 and 90% after 2002 [1] ; and the average discharge burn-up is 33 GWd/t by 2002, 45 GWd/t and 50 GWd/t account for 50 percent after 2002, taking into account AP1000 and CPR1000 which are the main PWR types in the current and future.
According the nuclear cycle process, the natural uranium resources demand can be calculated by the equation (2) 
Where: M nat is the mass of natural uranium required for fuel production (t), F is the mass of natural uranium feed (t), P is the mass of enriched uranium (t), M is mass of fuel loaded (t), X nat , X P and X t are the enrichment of natural uranium feed, enriched uranium and tails, assuming r is the recovery rate in the process of conversion, enrichment and fuel fabrication.
In the paper, r is 99.5%, the enrichment of natural uranium is X nat =0.711% and the enrichment of tails is assumed to be X t =0.30%. M can be calculated by equation (1), so the natural uranium demand can be calculated.
Accumulated amount of spent fuel, Pu and Minor Actinides (MA)
The content of spent fuel can be calculated by ORIGEN-ARP program [3] . In the paper, the fuel loaded in reactor is approximately considered to be equal to the quality of the spent fuel. The content of spent fuel is changed with the changing cooling time. The quantity of MA and Pu in spent fuel after cooling 10 year is used in calculation.
Results and Discussion
UO 2 fuel and natural uranium needed for 1GWe PWR
UO 2 fuel and natural uranium needed for the different burn-up and enrichment of 1GWe PWR are shown in Table 3 . 
Spent fuel, Pu and MA for 1 Metric ton uranium (MTU) PWR fuel
Spent fuel, Pu and MA produced by the different burn-up and enrichment of 1 MTU PWR fuel are shown in Table 4 . 
Natural uranium and accumulated natural uranium demand for PWR in China before 2050
The natural uranium and accumulated natural uranium demand for three scenarios of the nuclear power in 
Accumulated spent fuel, Pu and MA for PWR in China before 2050
The amount of spent fuel per year is shown in Fig.2 (a) . The amount of spent fuel for the capacity of 26.98
GWe in 2015 is 565 t and 70 GWe in 2020 is about 1467 t. The amount of spent fuel (HM) in 2050 is about 6287~10479 t with the increasing of the capacity of the three scenarios nuclear power.
The amount of accumulated spent fuel (HM) is shown in Fig.2 (b) . It can be seen that the amount of accumulated spent fuel (HM) is 4000t and 7698 t respectively for 2016 and 2020. The number of accumulated spent fuel (HM) will be above 95495 t by 2050. Because of the high radio-toxicity and long half-life of MA, the nuclear waste containing MA need to be disposed of permanently in a geological formation, and securely isolated for millions of years from the biosphere. In order to ensure the sustainable development of nuclear power, it is necessary to properly handle the disposal of MA. 
Conclusions
According to China's long-term nuclear power development plan in 2020 and the current development status, three scenarios of nuclear power capacity are proposed in the paper. The demand of natural uranium, the accumulated amount of spent fuel, plutonium and minor actinides are calculated according to these different growth scenarios. The amount of accumulated natural uranium demand will be 1044.9 kt, 1207.0 kt and 1356.3 kt by 2050. The amount of accumulated spent fuel (HM), Pu and MA will be above 95495 t, 1107 t and 67 t, respectively. From the results, we can see that the nuclear fuel cycle system will face serious challenges with the rapid development of nuclear power, especially for the uranium resources demand and nuclear waste disposal. The research of advanced nuclear fuel cycle mode and the building of spent fuel reprocessing plant are effective for reducing the amount of accumulated spent fuel. Meanwhile, the problem of natural uranium supply can be reduced by recycling plutonium from the spent fuel of PWR and using them in fast reactors.
